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Summary The results of a tuberculin skin test (TST) screening program offered to
employees of services for homeless people in Montréal from 1998 to 2005 were ana-
lyzed to assess the occupational risk of tuberculosis (TB) infection. Employees with
no known contact with TB were selected among volunteer participants. They were
followed in two dynamic cohorts: individuals with a negative two-step baseline TST
(cohort A) and individuals with a negative single baseline TST (cohort B). We esti-
mated the prevalences of initial positive TST, boosting effect, and conversion rate.
The average age of the workers was 38.9 years. The prevalence of an initial positive
TST was 12.9%. A booster effect was observed in 5.1% of workers who completed
a two-step TST. The incidence of conversion was 2.3/100 person-years for cohort A
(n = 93) and 3.5/100 person-years for cohort B (n = 221). The incidence of conversion
was not signiﬁcantly associated with any of the demographics or workplace factors
investigated. Our ﬁndings are comparable to the rates reported among community
workers, whose risk is higher than the average health worker. This suggests that
there are occasional unidentiﬁed contagious cases among the homeless individuals
of participating institutions.
© 2013 King Saud Bin Abdulaziz University for Health Sciences. Published by Elsevier
Ltd. All rights reserved.
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ith an incidence rate of 4.7 cases/100,000 persons
n 2009 [1]. In the same year, Montreal had a rate
Sciences. Published by Elsevier Ltd. All rights reserved.
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of 6.2 cases/100,000 persons [2]. However, a higher
risk for TB has been documented among home-
less individuals in low-incidence countries because
these individuals are more prone to various risk fac-
tors, such as substance abuse, malnutrition, and
HIV infection. Moreover, homeless shelters are at
high risk for transmission due to the large number
of individuals who pass through, crowding, and poor
ventilation [3—6].
In Canada, an increased risk for TB among home-
less individuals has been recognized in Toronto,
Vancouver [7], and more recently in Montréal. [8]
In 1996 and 1997, it was estimated that 23.6% of
users of homeless shelters in Montréal had pos-
itive tuberculin skin test (TST) results (≥10mm)
[9]. In 1998, the homeless population in Montréal,
deﬁned as those without a ﬁxed address in the past
12 months, was estimated to be 12,666 [10]. The
estimated capacity among the 25 potential sites
offering services in Montréal was 1187 beds [11].
These institutions are primarily composed of day
kitchens and overnight shelters, mobile interven-
tion units, dedicated Aboriginal centers, and needle
exchange/detox centers. A recent study in Montréal
reported that 20 of the 1823 total TB cases reported
for the 1996—2007 period were among homeless
individuals, and genotyping analysis revealed that
some transmission occurred within local shelters
[8].
In response to requests from institutions servic-
ing homeless people in Montréal, the occupational
health program linked to the Montréal public health
authorities began offering annual TST screening to
workers in 20 sites in 1998. The program ended in
December 2005 due to limited resources. The Cana-
dian Tuberculosis Standards recommend that staff
and volunteers in homeless shelters have a two-step
TST before hire, and those with negative baseline
TST should receive an annual TST [6]. It is believed
that risk to such workers in Montréal may not war-
rant annual TST, but no data exist to substantiate
this claim.
Data analysis was performed to assess the occu-
pational risk of occult transmission of TB in these
settings.
Methods
From June 1998 until December 2004, workers were
progressively enrolled into a TB screening program
and followed up until December 2005. This work-
force was mainly composed of community workers,
administrative staff, and maintenance and kitchen
staff. Nurses were not part of this program. In
each participating site, the workers attended a
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ollective information session with a nurse from the
ublic health occupational health program. Those
ith no prior documented positive TST were invited
o an on-site screening session. The test involved
njecting 5 tuberculin units (1ml) of PPD-T intra-
ermally in the interior aspect of the forearm. The
ransverse diameter of the induration was mea-
ured in millimeters (mm) 48 to 72 hours later. The
orkers with an initial negative TST (TST1), i.e.,
10mm, were instructed to return for a second TST
TST2) between 7 and 35 days later (two-step test).
or workers with TST2 <10mm, follow-up screening
as offered annually. The workers with TST≥10mm
ere referred for medical assessment and excluded
rom subsequent screening. No ethical approval was
equested, as this report was a retrospective anal-
sis of a preventive ﬁeld intervention.
Because of variable work schedules, holidays,
nd other events, a signiﬁcant proportion of work-
rs did not complete the 2nd baseline test. This
esulted in two cohorts: cohort A: 93 workers who
eturned for at least one follow-up test after a neg-
tive two-step baseline TST (the negative TST2 was
one up to 35 days after the negative TST1) and
ohort B: 221 workers who returned for at least
ne TST following a single negative baseline TST
Fig. 1). In both cohorts, the number of person-
ears (PY) at risk was calculated from the date of
he ﬁrst test to the date of the last test. Conver-
ion was deﬁned as a reaction of ≥10mm with an
ncrease of ≥10mm since the previous TST, given
hat a larger increase is more likely to be a true con-
ersion [12]. The booster effect, which was studied
mong those who completed the two-step base-
ine (cohort A), was deﬁned as a TST2 ≥10mm and
n increase of at least 6mm between the tests
13]. Because the goal of annual screening was to
etect occult transmission, workers who had been
n known contact with someone with active TB were
xcluded.
The prevalence of initial positive TST was
alculated for cohorts A and B. The available demo-
raphics and work place co-factors were age, sex,
lace of work (institution), type of service (res-
dence, dormitory, day center, lunchtime meal),
nd type of clientele (youth, Aboriginal people,
en/women). High volume institutions were des-
gnated as those that service large numbers of
lients (>150/day). The BCG vaccination statuses
nd countries of birth were not available. The inci-
ence risk ratios were tabulated for each potential
redictor of TST conversion. To account for the
otential rotation of individual workers between
ifferent shelters and changing duties, the demo-
raphics/workplace data for TST1 were based on
tatus at the time of TST1, while demographics/
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103 workers with
TST1  10mm
261 workers
with no TST2
477 workers 
with at least 2 TST
256 workers with
a 2-step baseline TST
221 workers 
with a 1-step baseline TST
and at least 1 other TST†
15 workers with
TST2 10mm
241 workers with
TST2 < 10mm
148 workers
with no TST3
93 workers with
1 TST after TST2‡
5 workers with
conversion
23 workers with
conversion
841 workers with
at least one TST*
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orkplace data for incidence were based on status
t the time of the last TST. The data were analyzed
sing SPSS 12.0.2. The Wald method was used to
alculate 95% conﬁdence intervals (95% CI) for the
revalence and incidence rates. Pearson’s 2 test
as used to analyze discrete variables, and Katz’s
ethod was used to determine 95% CI for risk ratios.
esults
articipants
wenty of the 25 sites offering services to the home-
ess population participated in this study, including
he four major dormitories. Among the 870 workers
isted in the participating sites, 29 were excluded
ecause of known contact with a TB case at work, as
dentiﬁed through the regular contact investigation
erformed by local public health ofﬁcials; thus, 841
ere eligible for participation (Fig. 1).
revalencemong the 841 workers with at least one TST1, 103
12.2%; 95% CI: 10.2—14.6) had a TST1 ≥10mm.
he average age at the ﬁrst test was 38.9 years.
s
T
t
wof workers.
orkers ≥40 years old were 2.6-fold (95% CI:
.8—3.9) more likely to have a TST1 ≥10mm than
ndividuals under 40 years of age. Of the 256 work-
rs who completed the two-step baseline tests
ithin 35 days, 15 had a TST2 ≥10mm, and 13
f those individuals (5.1%) met the criteria corre-
ponding with a booster effect.
ncidence
he sum of the risk periods for the 93 individuals
n cohort A was 226 person-years (Table 1). Five
f these individuals converted at follow-up, for an
ncidence of 2.2 conversions/100 person-years (95%
I: 0.3—4.3). The median time between the nega-
ive two-step baseline and subsequent positive TST
as 11 months (range 10—46 months). The sum
f the risk periods for the 221 workers in cohort
was 649.4 person-years, and 23 of the workers
onverted for an incidence of 3.5 conversions/100
erson-years (95% CI: 2.1—5.0) (Table 2). The inci-
ence of conversion in both cohorts did not vary
igniﬁcantly with any of the co-factors investigated.
he conversions occurred randomly (no clusters)
hroughout the study period and shelter sites. There
as a cluster of four TB cases among one outbreak
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Table 1 Incidence of conversion for cohort A.
Number of
workers (n)
Conversion (n) No. of PYa
at risk
Incidence (no. of
conversions/100 PY)
Risk ratio (95% CI)
Sex
Female 58 4 137.9 2.9 Ref
Male 35 1 88.1 1.1 0.4 (0.04—3.4)
Age
20—39 44 2 92.5 2.2 Ref.
≥40 49 3 133.5 2.2 1.0 (0.2—6.1)
Dormitory
No 69 3 160.1 1.9 Ref.
Yes 24 2 65.9 3.0 1.6 (0.3—9.4)
Residence
No 12 0 22.5 0.0 ND
Yes 81 5 203.4 2.5
Day center
No 78 5 199.5 2.5 ND
Yes 15 0 26.4 0.0
Lunchtime meal
No 84 5 207.6 2.4 ND
Yes 9 0 18.3 0.0
>150 clients/day
No 64 4 149.9 2.7 Ref.
Yes 29 1 76.1 1.3 0.5 (0.1—4.3)
Sex of the clientele
Mixed 11 0 20.3 0.0
Men 45 1 112.0 0.9 ND
Women 37 4 91.7 4.4 Ref.
Total 93 5 226.0 2.2 4.9 (0.6—43.0)
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ta PY: person-years, ND: not deﬁned.
identiﬁed during our study period. However, con-
tacts were identiﬁed at that time, and they were
evaluated for latent TB infection and not included
in this study.
None of the patients referred for medical eval-
uation was found to have active disease. The
proportion of those initiating and/or completing
treatment for latent TB infection was unavailable.
Discussion
Although the reported incidence of TB in the
homeless population for the 1996—2007 period was
relatively low (13.2 cases/100,000), it was still
higher than the mean annual TB incidence for the
total population of Montréal, which is estimated at
8.8 cases/100,000 individuals. This conﬁrmed that
homeless persons are a risk group for TB infection
and transmission in Montréal [8]. In our study, the
prevalence of initial positive tests was compara-
ble to that obtained (13.7%) among the employees
of three provincial men’s prisons in Montréal. [14]
The prevalence was higher (23.7%) among the staff
of four homeless shelters and two drop-in centers
t
o
r
pn Toronto [15]. Age was associated with a posi-
ive baseline TST because of the cumulative risk
f exposure: more years in which to encounter a
ontact, higher risk to the general elderly popula-
ion as they grow older, the risk of having had a BCG
accination (in Quebec, BCG vaccinations were con-
ucted routinely on newborns or preschoolers until
976) and higher number of years in shelter work.
The rate of positive booster reactions (5.1%) was
omparable to that found among students (average
ge 21.4 years) entering health professional train-
ng programs in Montréal in 1990 (5.2%) [13].
The estimated risk of conversion for workers in
ohort A was higher than the expected conversion
ate (<1%) among health care workers [16]. Indeed,
his rate was closer to that found in community out-
each workers, whose risk has been estimated at
.5-fold the average risk for health care workers
16].
The conversion rate of cohort B was higher than
hat of cohort A. However, if we assume that 5% of
hese conversions are in fact boosters, then rates
f conversion between the two cohorts are compa-
able (2.2/100 person-years in cohort A vs 1.8/100
erson-years in cohort B).
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Table 2 Incidence of conversion for cohort B.
Population
monitored (n)
Conversion (n) No. of PYa
at risk
Incidence (no. of
conversions/100 PY)
Risk ratio (95% CI)
Sex
Female 120 10 330.9 3.0 Ref.
Male 101 13 318.5 4.1 1.4 (0.6—3.04)
Age
20—39 93 4 200.2 2.0 Ref.
≥40 128 19 449.2 4.2 2.1 (0.7—6.1)
Dormitory
No 129 12 379.9 3.2 Ref.
Yes 92 11 269.5 4.1 1.3 (0.6—2.9)
Residence
No 26 1 40.1 2.5 Ref.
Yes 195 22 609.3 3.6 1.5 (0.2—2.0)
Day center
No 170 19 497.4 3.8 Ref.
Yes 51 4 152.0 2.6 0.7 (0.2—2.0)
Lunchtime meal
No 188 19 518.5 3.7 Ref.
Yes 33 4 130.9 3.1 0.8 (0.3—2.4)
>150 clients/day
No 116 11 296.0 3.7 Ref.
Yes 105 12 353.4 3.4 0.9 (0.4—2.0)
Sex of the clientele
Mixed 18 0 20.8 0.0 ND
Men 118 14 384.8 3.6 Ref.
Women 85 9 243.8 3.7 1.0 (0.5—2.3)
9.4
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a PY: person-years; ND: not deﬁned.
Neither demographics nor workplace character-
stics were associated with the incidence of con-
ersion. This was likely due to the relatively small
umber of conversions observed in each setting.
nfortunately, we were unable to differentiate spe-
iﬁc or multiple duties for the same worker.
The screening data resulted from an inter-
ention program. It was not a random sample,
nd thus, the probability tests and conﬁdence
ntervals noted are indicative only. Participation
f the workers was voluntary. There was a lack
f documentation explaining the reasons for non-
articipation, and a signiﬁcant number of workers
ere lost to follow-up. The latter problem has also
een reported by other researchers [16]. A number
f employees worked part-time and were difﬁcult
o contact. However, we cannot exclude the
ossibility that loss to follow-up was due to illness
r being tested elsewhere following contact with
case of active TB. Moreover, we have evidence
hat several workers without a history of known
revious contact excluded themselves from the
rogram knowing that they had a previous positive
esult, which thus went undocumented. Therefore,
he true prevalence of positive initial TST might be
nderestimated. There are many reasons for the
n
s
t
w3.5
pparent attrition occurring among workers during
he study period. One is turnover in the workforce.
ecause of the characteristics of the workforce and
creening program, we treated the population as
dynamic cohort; i.e., workers were arriving and
eaving the workforce throughout the program. The
creening was not ongoing but occurred once a year
or a limited number of onsite sessions. Thus, a
orker who arrived in 2005 could only have baseline
ests. The workers who arrived in 2004 could have
nly one follow-up TST screening that was done
nsite and on speciﬁc dates. Although the teams
ade an effort to cover different shifts and offered
creening at the occupational health service to
orkers who had missed their screening, every
ear workers missed screenings because they were
n different shifts, knew they would have to return
or reading at a time when they were not working,
ere on holiday, or were on sick leave. Because
he program was annual, some workers may have
lected to pass until the next year if they did not
eel at high risk or if the screening was inconve-
ient. They could have also changed employment
tatus from one year to the next. Furthermore,
here are a multitude of factors for which data
ere not available, such as country of birth, BCG
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vaccination status, and previous or current risk
behaviors. We were thus unable to determine how
much these data may have inﬂuenced our results.
Frequently, individuals working with the homeless
are past users of such services themselves, and
as such, they may still be at risk, depending on
their current behaviors. Furthermore, the type and
length of contact workers may have with homeless
individuals are important and were not included in
this study. These limitations render any comparison
with similar programs difﬁcult [7]. They also make
it difﬁcult to attribute a unique occupational origin
to any latent TB infection detected in this initial
or prospective screening program.
Conclusion
While our analysis does not indicate a high risk, it
does nonetheless suggest the possibility of occult
transmission in these settings. The level of risk
observed can be compared to that of certain health
care workers (community outreach workers) [16].In
addition, this initiative highlighted the difﬁculties
in achieving compliance for periodic screenings and
follow-ups. This has also been shown in other at-
risk groups in Montréal, such as urban Aboriginals
and intravenous drug users [17,18].
If shown to be cost effective, the identiﬁca-
tion of factors that contribute to non-compliance
could result in improved TST screening and medical
surveillance of shelter workers in a low incidence
setting, such as Montréal.
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